European Review for Medical and Pharmacological Sciences 2017; 21: 4762-4770

MiR-214 protects MC3T3-E1 osteoblasts against
Hzpz-lpduced apoptosis by_suppressmg
oxidative stress and targeting ATF4

X-Z. LU', Z.-H. YANG?, H.-J. ZHANG', L.-L. ZHU', X.-L. MAQO', Y. YUAN'

'Department of Orthopedics, Ningbo No. 2 Hospital, Haishu District, Ningbo, Zhejiang, China
“Department of Orthopedics, The Second Hospital of Shanxi Medical University, Taiyuan, China

Abstract. — OBJECTIVE: Fragility fracture is
one of the common complications of osteopo-
rosis. Elevated oxidative stress-induced apop-
tosis is thought to be one of the unfavorable
factors to osteoblastic dysfunction, which in-
creased the risk of bone fracture. However, the
molecular mechanisms for oxidative stress-in-
duced osteoblast cells apoptosis still needs to
be elucidated. This study aims to investigate the
protective function of miR-214 in H,O -induced
apoptosis of MC3T3-E1 osteoblasts.

MATERIALS AND METHODS: MC3T3-E1 cells
were treated with 400 uM H,O,. Flow cytome-
try was adopted to detect the apoptosis rate;
malondialdehyde (MDA) and glutathione peroxi-
dase (Gpx) levels were used to determine the re-
active oxygen species (ROS) level. Reverse tran-
scription-polymerase chain reaction (RT-PCR)
was employed to test the expression level of
miR-214 and ATF4. After transfected MC3T3-E1
cells with miR-214 mimics and inhibitor, RT-PCR
was used to detect activating transcription fac-
tor 4 (ATF4) expression level.

RESULTS: H,O, treatment increased ROS in-
duced intracellular oxidative injury. Flow cytome-
try showed that 400 pM H,O, induced the apopto-
sis of MC3T3-E1 cells. Moreover, RT-PCR showed
decreased expression level of MiR-214. Further-
more, the apoptosis induced by high ROS level
was reversed by increased miR-214 expression
level. The regulatory ability of MiR-214 to apopto-
sis is by regulating ATF4 expression.

CONCLUSIONS: miR-214 plays a protective
role in H,0, induced MC3T3 osteoblasts apop-
tosis and its protective effect is proceeded by
regulating ROS level and ATF4 expression level.
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Introduction

Osteoporotic fractures are common in older
people, especially postmenopausal women with

high morbidity and mortality"?. Osteoporosis is a
systemic bone disease caused by a variety of fac-
tors leading to decrease of bone mineral density
and bone mass and damage of microstructure®.
Fracture is the main complication of osteoporosis
and it is also the most serious stage of osteoporo-
sis. The main reasons of osteoporotic fracture are
the decreasing bone strength and increasing bone
brittleness. However, osteoporotic fracture can-
not be cured. Therefore, the study of pathogenesis
and molecular mechanism of osteoporosis has
theoretical and clinical significance to prevent
the occurrence of osteoporotic fractures and slow
down the process of osteoporosis.

The body lives in an environment full of oxy-
gen, and its metabolic process inevitably contin-
ues to produce reactive oxygen species (ROS)*.
ROS would cause damage to the body called ox-
idation stress when the balance between the ROS
generating and eliminating is broken because of
aging, disease and other reasons’. More and more
studies® have found that ROS-induced oxidative
stress plays an unfavorable role in the pathogen-
esis of osteoporosis. Excessive ROS regulates
several signaling pathways by up-regulation or
down-regulation of a variety of cytokines, activa-
tion or inhibition of enzyme activities, eventually
regulating the gene transcription in cell nucleus,
promoting the apoptosis of bone formation asso-
ciated cells, such as bone marrow mesenchymal
stem cells (BMSCs), osteoblasts, bone cells and
proliferation and differentiation of osteoblasts™.
So that the bone formation rate relative lagged to
bone resorption rate, breaking the dynamic bal-
ance between the absorbing bone of osteoclasts
and the generating bone tissue of osteoblasts,
thereby promoting the production of osteoporo-
sis. At present, the mechanism of oxidative stress
promoting osteoblast apoptosis is mainly focused
on the regulation of related transcription fac-

4762 Corresponding Author: Yi Yuan, MM; e-mail: nbjoint@163.com



MIiR-214 protects osteoblasts

tors. It was found that ROS phosphorylates p66
phosphorylation by activating protein kinase Cf3
(PKCp), then promote osteoblast apoptosis by en-
tering the mitochondria from the cytoplasm and
by activating the Jun N-terminal kinase (JNK)
signaling pathway®. In addition, the study also
found that ROS can phosphorylate p66 by the
phosphorylation of tumor suppressor p53; then,
ROS signal was transformed into the apoptosis
of osteoblasts'®. In this study, we focused on the
other mechanism of oxidative stress (OS) caused
apoptosis.

miRNAs as one type of important noncoding
regulatory factors regulating cell differentia-
tion, proliferation, metabolism, apoptosis and
so on biological processes!'"4, could also regu-
late cellular ROS level”. MiR-214 is such a kind
miRNA, which has been reported to participate
in regulating cell viability and cellular ROS
level'. Existing result has proved that miR-
214 could promote proliferation, and survival
in gastric tumors by inhibiting the expression
level of phosphatase and tensin homolog delet-
ed on chromosome ten (PTEN)". In addition,
miR-214 could inhibit DNA replication and
apoptosis by targeting ASF1B, thus increasing
the expression of Bax, p53 and p21'. The reg-
ulation of miR-214 to proliferation and apopto-
sis has been demonstrated in other studies by
directly regulating important genes involved
in cell survival®®. It has been shown that
miR-214 restrains bone formation and suppress
osteoclasts activity by directly targeting acti-
vating transcription factor 4 (ATF4)?'. ATF4 is
a vital transcription factor involved in cellular
protection, such as oxidative stress and unfold-
ed protein response®?. In the ROS accumulation
induced osteoblasts apoptosis, miR-214 might
act as a protective role by regulating its target
gene ATF4.

In this report, we focused on the protective
effect of miR-214 in H,O, induced osteoblasts
apoptosis and involved mechanism. The results
showed that the transcription level of miR-214
was decreased in H,O, treated MC3T3-E1 osteo-
blasts accompanied with the increased ROS level.
In order to find the mechanism of ROS caused
osteoblasts apoptosis, we focused on the decreas-
ing transcription level of miR-214 in MC3T3-E1
cells. After restoring MiR-214 expression in
MC3T3-El cells before H O, treated, the apopto-
sis rate was reversed. Further studies have shown
that the apoptosis protective effect of miR-214
was achieved by regulating ATF4.

Materials and Methods

Chemicals and Materials

H,0, was purchased from Sigma-Aldrich (St.
Louis, MO, USA). MC3T3-El cells were ob-
tained from ATCC (Manassas, VA, USA). Lipo
3000 Transfection Reagent was obtained from
Invitrogen (Carlsbad, CA, USA). Fetal bovine se-
rum (FBS) was obtained from Gibco (Rockville,
MD, USA). Apoptosis Assay Kit was obtained
from Keygen (Nanjing, Jiangsu, China). Malond-
ialdehyde (MDA) and glutathione peroxidase
(GPx) determination kits were obtained from
Nanjing Jiancheng Biochemistry Co. (Nanjing,
Jiangsu, China). B-actin and ATF4 antibodies
were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

MC3T3-E1 Cell Culture

Murine osteoblastic MC3T3-El cells were
maintained in a modified minimum essential me-
dium (MEM) media with 10% fetal bovine serum
(FBS), antibiotics (penicillin and streptomycin),
2 mM L-glutamine, and 25 pg/mL gentamicin
at 37°C in a humidified atmosphere of 5% CO,.
In order for exponential growth, MC3T3-El cells
were passaged every 2-3 days.

RNA Isolation and Real-time PCR

After MC3T3-El cells were stimulated with
H,0, as described above, cells were collected
by centrifugation, the supernatant was discarded
and RNA was extracted with TRIzol reagent.
Extraction procedures were carried out accord-
ing to the operating instructions, RNA was ex-
tracted and analyzed by UV spectrophotometer
for RNA quantification and purity. The integrity
of RNA was detected by 0.8% agarose gel elec-
trophoresis. Afterwards, 1 pg of total RNA was
taken by ABI reverse transcription kit according
manufacturer’s instructions. The reverse tran-
scription reaction program was as follows: 25°C,
10 min; 37°C, 120 min; 85°C, 5 min. Real-time
PCR amplification protocol was proceeded ac-
cording to Roche manufacturer’s instructions
(Basel, Switzerland).

Western Blot Assay

After MC3T3-E1 cells were treated with H,O,
as described above, cells were collected by cen-
trifugation, and the supernatant was discarded.
Cell pellets were suspended in cell lysis buffer
containing protease inhibitors. The supernatant
of cell suspension was separated on sodium do-
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decyl sulfate (SDS)-polyacrylamide gels after it
was boiled for 5 min in SDS-loading control.
Subsequently, the protein was transferred in gel
to polyvinylidene fluoride (PVDF) membranes.
In order to block nonspecific protein-protein in-
teractions, PVDF membranes were blocked in
TST buffer containing 5% non-fat milk at room
temperature. After diluting the antibodies (ATF4,
1: 3000; B-Actin, 1: 5000) in TST buffer, the
PVDF membranes were gently shaken in the
diluted antibodies overnight at 4°C. After wash-
ing with TST buffer, PVDF membranes were
incubated with peroxidase-conjugated individual
secondary antibodies shaking for 1 h. Eventually,
the electrochemical luminescence (ECL) solution
was prepared in the dark room. The exposure
time was determined according to the fluores-
cence intensity.

Cell Apoptosis Assay

MC3T3-El osteoblasts were seeded in a
6-well cell culture dish and Dulbecco Mini-
mum Essential Medium (DMEM) / F12 me-
dium with 10% fetal bovine serum (FBS) was
added. After cells adhered to the medium
containing different concentrations of H,O,,
cells were cultured for 24 h and digested with
0.25% trypsin to collect the cells. H,O, treat-
ed MC3T3-El cells were washed twice with
pre-cooling PBS to re-suspend the cells to 10¢/
ml. 100 pL of cells were put in a flow tube, then
5 pL of Annexin-V-FITC and 5 pL of pyridine
iodide were added. After incubation for 15 min
in the dark, 400 pL binding buffer was added
to each group, and the fluorescence intensity
was measured by flow cytometry in 1 h.

ROS Measurement

MC3T3-El osteoblasts were seeded in a
6-well cell culture dish and DMEM / F12 medi-
um was added. After cells were adhered to the
medium containing different concentrations of
H,0,, cells were cultured for 24 h and digested
with 0.25% trypsin to collect the cells. H,O,
treated MC3T3-El cells were washed twice
with pre-cooling PBS. Next, cells were broken
with chemical buffer and followed protein con-
centration determination by Bradford method.
Following the manufacturer’s instructions of
the MDA and GPx determination kits (Nanjing
Jiancheng Biochemistry Co, Nanjing, Jiangsu,
China), the concentration of MDA and the
activity of GPx were detected by spectropho-
tometer.
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Statistical Analysis

Each experiment in this article was repeated
at least in triplicate. Results were showed as the
mean value + standard deviation (SD). Statistical
analysis was carried out using Student’s #-test.
Each p value less than 0.05 is thought to be with
significance.

Results

H,O, Induced MC3T3-E1 Apoptosis and
Elevated Oxidative Stress

H,0, is commonly used in oxidative damage
model, in order to select the appropriate con-
centration of H,O, to MC3T3-El cells; several
doses of H,O, were tested and 400 pM was the
most suitable concentration. After adding 400
uM H, O, to MC3T3-El cells for 24 h, cells were
harvested for the detection of apoptosis rate. The
result showed that H,O, significantly increased
the percentage of apoptotic cells compared with
solvent control (Figure 1). At the same time,
the MDA level, that is an indicator of oxidative
damage in H,O, treated osteoblast cells, was sig-
nificantly increased (Figure 1). Besides, the Gpx
level, which reflects the antioxidant level, was
decreased in H O, treated group (Figure 1). This
result indicates H,O, mediated oxidative stress
impair cell survival in MC3T3-El cells.

MiR-214 was Decreased and ATF4 was
Increased in H,O, Treated MC3T3-E1 Cells

To identify how oxidative stress-induces apop-
tosis in MC3T3-El cells, we focused on the
expression level of miR-214 and ATF4, which all
could regulate ROS levels in previous reported
articles. We treated MC3T3-E1 cells with 400 uM
H,0O, for 6 h, and then detected the expression
level of miR-214 and ATF4. The expression level
of miR-214 detected by Real-time PCR signifi-
cantly decreased in H,O, treated MC3T3-EI cells
compared with controls (Figure 1). While the ex-
pression level of ATF4 significantly increased in
H,0, treated osteoblast cells (Figure 1).

MIiR-214 Decreased H,O, Induced ROS
Level in MC3T3-E1 Cells

The previous report showed miR-214 could
regulate ROS levels by different mechanism. To
elaborate the mechanism of decreased miR-214 in
MC3T3-El cells in response to oxidative stress,
we transfected MC3T3-El1 cells with miR-214
mimics before treated MC3T3-E1 cells with 400
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Figure 1. The apoptosis rate and ROS level in H,0, stimulated MC3T3-E1 cells. MC3T3-E1 cells were treated with 400uM
H,0, for 24h, the cells were harvested for apoptosis detecting. The results showed H,O, increased the apoptotic percentage
(A-B) elevated MDA level (C] and decreased Gpx level /D) in MC3T3-El cells.

uM H, O, for 24 h. miR-214 mimics significantly
decreased the ROS level and increased GPx level
compared with transfected control (Figure 2).
The result suggests that miR-214 might play a
vital role in regulating MC3T3-El cellular ROS
level.

MiR-214 Partly Protected Osteoblasts
from H,O, Induced Apoptosis

MiR-214 plays a protective role in ROS medi-
ated MC3T3-El cell apoptosis. We transfected
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MC3T3-El cells with miR-214 mimics before
treatment of MC3T3-EIl cells with 400 uM H, O,
for 24 h. The results showed that miR-214 mimics
significantly restored the apoptosis rate (Figure
3). The protective effect of miR-214 in H,O, in-
duced MC3T3-El cells apoptosis due to its func-
tion in reducing cellular ROS level.

ATF4 is Regulated by MiR-214
To investigate the specific mechanism of miR-
214 in protecting MC3T3-El osteoblasts from
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Figure 2. Expression levels of miR-214 and ATF4 in H,O, stimulated MC3T3-El cells. RNA was extracted from MC3T3-El
cells treated with 400 uM H,O, for 6h. The miR-214 and ATF4 expression level were detected by Real-time-PCR. The result
showed miR-214 expression level significantly decreased (A) and ATF4 gene expression level significantly increased (B)

compared with solvent control.
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Figure 3. Overexpression of MiR-214 inhibited ROS level and induced apoptosis. MC3T3-El cells were transfected with
miR-214 mimics, the mRNA level of miR-214 was increased compared with control f/A). MC3T3-El cells were transfected with
miR-214 mimics before treated with H,O, for 24h, the cell apoptosis rate decreased (B, the MDA level decreased (CJ and Gpx
level increased (D) in combined group compared with the group of H,O,.

H,0, induced apoptosis, we tried to find the
downstream target gene of miR-214. According
to a recent report, miR-214 could target ATF4 to
protect erythroid cells against oxidative stress'.
In addition, miR-214 was reported in regulating
bone formation by targeting ATF4?2, Besides, the
expression level of ATF4 increased in H O, treat-
ed MC3T3-El1 cells in this research. Therefore, in
order to identify whether ATF4 could be regulat-
ed by miR-214, we transfected miR-214 mimics
and inhibitor in MC3T3-E1 cells. After transfect-
ing for 24 h, Q-PCR was applied to detect ATF4
expression level. As shown in Figure 4, ATF4
expression level decreased in miR-214 mimics
transfected cells and increased in miR-214 inhib-
itor transfected cells. The result is consistent with
other studies, which showed ATF4 was regulated
by miR-214.

Inhibition the Expression of ATF4
Reversed the Apoptosis Rate Caused
by H,O,

ATF4 is a transcription factor and plays an
essential role in regulating cell survival'™?*. The
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expression level of ATF4 was significantly in-
creased in H O, treated MC3T3-El cells. There-
fore, we hypothesized that ATF4 could pro-
mote the process of apoptosis. We constructed
ATF4 overexpression plasmid and transfected
to MC3T3-E1 cells. Western blot confirmed that
ATF4 over-expression plasmid worked efficient-
ly. Transfected the cells with ATF4 overexpres-
sion plasmid before treatment MC3T3-E1 cells
with H,O,. As shown in Figure 5, overexpres-
sion of ATF4 completely restored the apoptosis
rate of MC3T3-El cells treated by H,O, for
24 h. This result suggested miR-214 protected
MC3T3-El cells from oxidative damage by reg-
ulating ATF4.

Discussion

The prevention of the damage caused by
high-level reactive oxygen species (ROS) is an
important strategy in osteoporosis induced fra-
gility fracture. The study of the mechanism in-
volved in the oxidative stress-induced osteoblast
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Figure 4. MiR-214 regulated the transcription level of ATF4. MC3T3-El cells were transfected with miR-214 mimics and
inhibitors, the ATF4 mRNA level was detected by Real-time-PCR. A, The ATF4 expression level was significantly decreased
when MC3T3-El1 cells were transfected with miR-214 mimics. B, The ATF4 expression level was significantly increased when

MC3T3-El cells were transfected with miR-214 inhibitors.

cells apoptosis is important to the prevention of
osteoporosis induced bone fracture. In this study,
miR-214 could protect the oxidative stress-in-
duced osteoblast cells apoptosis in H,O, induced
oxidative damage cell model. The protective ef-
fect of miR-214 was achieved by decreasing ROS
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level and targeting ATF4 expression, which is a
novel mechanism of osteoporosis, induced fragil-
ity fracture.

We demonstrated a novel mechanism of miR-
214 in protecting cells from oxidative stress-in-
duced cell apoptosis by targeting the ATF4 gene
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Figure 5. Inhibition the expression of ATF4 reversed the apoptosis rate caused by H,O,. MC3T3-E1 cells were transfected
with ATF4 siRNA, the protein level of ATF4 was decreased compared with control fA). MC3T3-El1 cells were transfected with
ATF4 siRNA before treated H,O, for 24h, the cell apoptosis result showed the apoptosis rate was significantly decreased in the

combined group compared with the H,0, group (B).
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in MC3T3-El1 cells. The protective effect of miR-
214 would be used in the treatment of osteoporo-
sis and prevent the caused damage such as fragil-
ity fracture. According to previous studies, the
expression level of miR-214 was decreased during
fracture healing'®. In this study, miR-214 might
play an essential role in the oxidative stress-in-
duced bone cell apoptosis. Oxidative stress as a
risk factor for osteoporosis has recently earned
more and more attention. Estrogen deficiency
and aging are two important pathogenic factors
of osteoporosis, both of which can lead to in-
creased levels of oxidative stress in the body***.
A number of studies have found that oxidative
stress could promote the development of osteo-
porosis through the consumption of antioxidants,
inhibition of bone marrow osteoblast differentia-
tion and bone formation, promotion of osteoclast
differentiation and effect of bone metabolism®2°.
Therefore, the administration of antioxidants can
protect bone cells from osteoporosis and may
also be helpful to accelerate fracture healing.
Therefore, the antioxidant ability of miR-214 may
be used in prevent of osteoporosis and fracture
healing.

MiR-214 has many different functions involved
in multiple signaling pathways that regulate mul-
tiple biological processes of cells. In different
models, miR-214 exhibits different or even op-
posite function. On the one hand, miR-214 might
have different target genes in different cells or
tissues; on the other hand, the different effect of
miR-214 might be caused by the different func-
tions of the downstream target gene in different
cells or tissues. For example, although TFAP2
factor is a clearly defined tumor suppressor, it
is often lost its expression during melanoma
progression?’. However, its role in breast tu-
mor is different. In fact, TFAP2 was upregulat-
ed in ErbB2/HER2-positive breast cancer and
induced ErbB2/HER2 expression®?’, However,
other studies have also observed a decrease in
transcriptional levels of TFAP2 in high metastatic
breast cancers®. In our study, miR-214 inhibited
H,0,-induced apoptosis of MC3T3-El cells by
inhibiting the production of ROS.

MiR-214 regulates the ROS level by target-
ing ATF4, which is one of the mechanisms of
H,O,-induced apoptosis of MC3T3-El Osteo-
blasts. In the study of ROS induced cardiac
myocyte injury, miR-214 could protect cardiac
myocytes against injury via targeting PTEN’'. In
ovarian cancer and gastric cancer, PTEN is reg-
ulated by miR-214 both at the mRNA level and
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protein level*>**. PTEN is a dual protein phospha-
tase which inhibits PI3K/Akt signaling pathway
to regulate cell survival, growth and so on®*¥.
In fracture healing mice model, the mice lacking
PTEN in osteoblast have late endochondral frac-
ture healing®®. The specific mechanism of PTEN
in ROS mediated MC3T3-El cell apoptosis still
need to be verification. Dysregulation of the other
target genes of miR-214 might also participate
in the regulation of H,O,-induced apoptosis of
MC3T3-E1 osteoblasts.

Conclusions

We demonstrated the protective mechanism
of miR-214 against H, O -induced apoptosis of
MC3T3-El osteoblasts. The decreased expression
level of miR-214 and increased expression level of
ATF4 in H,O, treated MC3T3-EI cells induce the
apoptosis pathway further.

Funding
This work was supported by Science and Technology Ben-
efit for People of Ningbo (No. 2016C51003).

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Xu JC, Wu GH, ZHou LL, Yang XJ, Liu JT. Two uni-
lateral puncturation comparative analyses of mul-
tiple-level fresh osteoporotic vertebral body com-
pression fractures treated with percutaneous ver-
tebroplasty guided by C-arm fluoroscopy or in se-
nile patients. Eur Rev Med Pharmacol Sci 2017;
21: 1456-1461.

2) Lyrms GP, ScHoenau E, Skarantavos G. Osteope-
nic syndromes in the adolescent female. Ann N Y
AcadSci 2000; 900: 403-408.

3) Matavorta N, Rossi E, Burra A, FaLcHeTT A. Fragility
fractures: Clinical and therapeutic aspects. J Bi-
olRegulHomeost Agents 2015; 29: 761-769.

4) Senpur OF, TuraN Y, TastagaN E, Serter M. Antioxi-
dant status in patients with osteoporosis: A con-
trolled study. Joint Bone Spine 2009; 76: 514-518.

5) ScHenk B, FuLba S. Reactive oxygen species regu-
late Smac mimetic/TNFalpha-induced necroptot-
ic signaling and cell death. Oncogene 2015; 34:
5796-5806.

6) LinH, Gao X, CHEN G, Sun J, CHu J, Jing K, Li P, Zeng
R, Wer B. Indole-3-carbinol as inhibitors of gluco-



MIiR-214 protects osteoblasts

10)

11)

12)

13)

14)

15)

16)

17)

18)

corticoid-induced apoptosis in osteoblastic cells
through blocking ROS-mediated Nrf2 pathway.
BiochemBiophys Res Commun 2015; 460: 422-
427.

JiNn YQ, LiJL, CHen JD, Xu CL, Lt H. Dalbergioi-
din (DAL) protects MC3T3-E1 osteoblastic cells
against H202-induced cell damage through acti-
vation of the PISBK/AKT/SMAD1 pathway. Naunyn-
Schmiedebergs Arch Pharmacol 2017; 390: 711-
720.

Lv M, Liu Y, Xiao TH, Jiang W, LiN BW, ZHANG XM,
LN YM, Xu ZS. GYY4137 stimulates osteoblas-
tic cell proliferation and differentiation via an
ERK1/2-dependent anti-oxidant mechanism. Am
J Transl Res 2017; 9: 1183-1192.

ALMEIDA M, HAN L, AvBROGINI E, BARTELL SM, MANOLA-
Gas SC. Oxidative stress stimulates apoptosis and
activates NF-kappaB in osteoblastic cells via a
PKCbeta/p66shc signaling cascade: Counter reg-
ulation by estrogens or androgens. Mol Endocri-
nol 2010; 24: 2030-2037.

TrINEI M, BErNIAKovicH |, BELTRAMI E, MiGLIACcIO E, FAs-
sINA A, Peica P, Gioraio M. P66Shc signals to age.
Aging (Albany NY) 2009; 1: 503-510.

Jia H, Yu H, Liu Q. Single nucleotide polymor-
phisms of MIR-149 gene rs2292832 contributes
to the risk of hepatocellular carcinoma, but not
overall cancer: A meta-analysis. Minerva Med
2016; 107: 259-269.

SuArez Y, Sessa WC. MicroRNAs as novel regula-
tors of angiogenesis. Circ Res 2009; 104: 442-
454,

Dong S, Miao AY, Ler W, CHENn QW. MiR-146a
rs2910164 and hepatocellular carcinoma: A
meta-analysis. Minerva Med 2017; 108: 287-
292.

TiaN YW, SHEN Q, Jiang QF, WaNG YX, Li K, Xue HZ.
Decreased levels of miR-34a and miR-217 act as
predictor biomarkers of aggressive progression
and poor prognosis in hepatocellular carcinoma.
Minerva Med 2017; 108: 108-113.

Jaksik R, LALk A, SkoNIECZNA M, CIESLAR-POBUDA A,
STUDENT S, Rzeszowska-WoLny J. MicroRNAs and re-
active oxygen species: are they in the same reg-
ulatory circuit? MutatRes Genet Toxicol Environ
Mutagen 2014; 764-765: 64-71.

Gao M, LiwY, CHEN Y, Yin C, CHen JJ, Liu S. MiR-214
protects erythroid cells against oxidative stress
by targeting ATF4 and EZH2. Free RadicBiol Med
2016; 92: 39-49.

YanG TS, YanGg XH, WanGg XD, WanG YL, ZHou B,
Song ZS. MiR-214 regulate gastric cancer cell
proliferation, migration and invasion by targeting
PTEN. Cancer Cell Int 2013; 13: 68.

Misiewicz-KrzemiNskA |, SARAsQUETE ME, QuwaIDER D,
Krzeminski P, TicoNa FV, Paino T, DeLcabo M, AIRes
A, Ocio EM, GARcA-SANZ R, SAN MJ, Gurierrez NC.
Restoration of microRNA-214 expression reduces
growth of myeloma cells through positive regula-
tion of P53 and inhibition of DNA replication. Hae-
matologica 2013; 98: 640-648.

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

PenNA E, Orso F, Taverna D. MiR-214 as a key hub
that controls cancer networks: small player, mul-
tiple functions. J Invest Dermatol 2015; 135: 960-
969.

SHARMA T, HamiLtoN R, ManpaL CC. MiR-214: A po-
tential biomarker and therapeutic for different
cancers. Future Oncol 2015; 11: 349-363.

WanG X, Guo B, Li Q, Penc J, YaNG Z, WANG A, Li
D, Hou Z, Lv K, Kan G, CAo H, Wu H, SonG J, Pan
X, SUN Q, LiING S, LY, ZHU M, ZHANG P, PeENG S, XIE
X, Tang T, HonGg A, BiaN Z, BalY, Lu A, LI Y, HE
F, ZnanG G, Li Y. MiR-214 targets ATF4 to inhibit
bone formation. Nat Med 2013; 19: 93-100.

Kieerg MS, SHAN J, Su N. ATF4-dependent tran-
scription mediates signaling of amino acid lim-
itation. Trends Endocrinol Metab 2009; 20: 436-
443.

Seo J, Fortuno ER, SuH JM, SteneseN D, Tang W,
Parks EJ, Abams CM, Townes T, Grarr JM. Atf4 reg-
ulates obesity, glucose homeostasis, and energy
expenditure. Diabetes 2009; 58: 2565-2573.

RAEHTZ S, BIERHALTER H, SCHOENHERR D, PARAMESWARAN
N, McCase LR. Estrogen deficiency exacerbates
type 1 diabetes induced bone TNFalpha expres-
sion and osteoporosis in female mice. Endocri-
nology 2017:

Baic N, KHan MZ. Analysis and detection of mi-
croporosities in aging bones in context to phar-
maceutical treatment: A study in line of osteopo-
rosis. Pak J Pharm Sci 2016; 29: 1763-1767.

Lino L, Su X, YanG X, Hu C, LI B, Lv Y, SHuAl Y, JING
H, Denc Z, Jin Y. TNF-alpha inhibits FoxO1 by up-
regulating miR-705 to aggravate oxidative dam-
age in bone Marrow-Derived mesenchymal stem
cells during osteoporosis. Stem Cells 2016; 34:
1054-1067.

Bar-Eul M. Gene regulation in melanoma progres-
sion by the AP-2 transcription factor. Pigment Cell
Res 2001; 14: 78-85.

TurNER BC, ZHANG J, GumBs AA, MAHER MG, KAPLAN
L, CarTER D, GLAZER PM, Hurst HC, HAFFTY BG, WiL-
uams T. Expression of AP-2 transcription factors in
human breast cancer correlates with the regula-
tion of multiple growth factor signalling pathways.
Cancer Res 1998; 58: 5466-5472.

SHiu KK, WETTERSKOG D, MAckAY A, NATRAJAN R, LAM-
BrOS M, Sivs D, Bairami I, BROUGH R, FrRANKUM J,
SHARPE R, MArcHIO C, HorLINGs H, RevAL F, VAN DER
VivER M, TUrRNER N, REis-FiLHo JS, Lorp CJ, ASHWORTH
A. Integrative molecular and functional profiling
of ERBB2-amplified breast cancers identifies new
genetic dependencies. Oncogene 2014; 33: 619-
631.

Sotmiriou C, WirarATI P, Lol S, HArRris A, Fox S, SMEDs
J, NorbGreN H, FARMER P, Praz V, HaiBe-KaiNs B,
Desmept C, LARSIMONT D, CArDOsoO F, PeTerse H, Nuy-
TEN D, Buyse M, VAN DE VUUVER MJ, BERGH J, PiccArRT M,
Derorenzi M. Gene expression profiling in breast
cancer: understanding the molecular basis of his-
tologic grade to improve prognosis. J Natl Cancer
Inst 2006; 98: 262-272.



X.-Z. Lu, Z-H. Yang, H.-J. Zhang, L.-L. Zhu, X.-L. Mao, Y. Yuan

31)

32)

33)

Lv G, SHAo S, DonG H, Bian X, YanG X, DonG S. Mi-
croRNA-214 protects cardiac myocytes against
H202-induced injury. J Cell Biochem 2014; 115:
93-101.

XioNG X, Ren HZ, LI MH, Mg JH, WEeN JF, ZHenG CL.
Down-regulated miRNA-214 induces a cell cycle
G1 arrest in gastric cancer cells by up-regulating
the PTEN protein. PatholOncol Res 2011; 17: 931-
937.

YanG H, Kong W, HE L, ZHao JJ, O’'DonnNeLL JD,
WANG J, WENHAM RM, CorroLA D, Kruk PA, NicosiA
SV, CHeng JQ. MicroRNA expression profiling in
human ovarian cancer: MiR-214 induces cell sur-

34)

35)

36)

vival and cisplatin resistance by targeting PTEN.
Cancer Res 2008; 68: 425-433.

Rosivarz E. Inhibiting PTEN. BiochemSoc Trans
2007; 35: 257-259.

WETzker R, Rommer C. Phosphoinositide 3-kinas-
es as targets for therapeutic intervention. Curr
Pharm Des 2004; 10: 1915-1922.

BurGers TA, HorrmANN MF, CoLLins CJ, ZAHATNANSKY
J, Alvarapo MA, Morris MR, SiETsEMA DL, MaAsonN JJ,
JonEes CB, PLoeg HL, WiLLiams BO. Mice lacking pten
in osteoblasts have improved intramembranous
and late endochondral fracture healing. Plos One
2013; 8: e63857.



